The early-mid Paleocene Farewell Formation is stratigraphically distributed across the 10 southern Taranaki Basin (STB) which is also encountered within the Maui Gas Field. Using 11 available 3D seismic and well log data, a challenging task to delineate the spatial distribution and 
Introduction

26
The Maui Field produces gas from three main reservoirs of Paleocene to Eocene in age. Farewell
27
Formation is the deepest and the thinnest of the reservoirs of this gas field having measured drilling 28 depths ranging from 3100-3200m TVDSS [1] [2] [3] [4] . The Farewell Formation in the Maui Gas Field 
36
Therefore, an understanding of the structure as well as the thickness, distribution and 37 connectivity of the sandstone deposits as separate geobody units are important for the well planning 38 during future development of the field. This is significant because during well planning phase, 
101
The mesh grill top and bottom (blue and yellow) are model boundaries whereas the different coloured vertical 102 pillars are the faults interpreted along the entire 3D structural grid of the Maui Gas Field. The seismic surface
103
(pink coloured) denotes the interpreted Farewell reservoir zone.
105
The first well of the Maui Gas Field has been drilled in 1969 and the last so far being drilled in 106 early 2000s; we have used 17 available well data for the current study from which 4 wells have 107 encountered Farewell Formation. In order to move forward for greater accuracy in delineating 108 possible geobodies, we utilized well location data along with the log data. A detailed collection of 109 conventional well log have been available for the study, namely Gamma Ray (GR), Caliper,
110
Resistivity (Shallow/Deep), Neutron, Density and Sonic. A set of formation tops of the Farewell
111
Formation for all the available wells were also utilized. 3D seismic data on the Maui Gas Field was 112 the basis for the study on which the model was built and studied. Velocity model was later 113 generated for the conversion of the seismic cube from time to depth domain. Farewell horizon was 114 identified based on the formation top, seismic signature and regional geological understanding. For 115 the Farewell Formation, there were no available core data and therefore the 3D depositional facies 116 reconstruction was largely dependent on well log interpretation and seismic attribute analysis of the 117 Farewell Formation.
Three-Dimensional Structural Reconstruction
119
Structural reconstruction was the key component for this study because it acted as the primary 120 skeletal for the geobodies modeling. A grid resolution of 50X50m was used for our
122
Figure.6. Standardized workflow for the 3D facies modeling of the Farewell Formation, Maui Gas Field,
123
Taranaki Basin. The entire workflow is divided into two segments; first being the construction of the 3D 124 geo-grid of the gas field (left) followed by the objected-based process for building the facies model of the 
132
Initially the farewell zone was identified within the seismic cube (in depth) along with possible 133 faults that had cut through the zone and the horizon-fault system was incorporated within horizon 134 modeling phase (Fig.5 ). This incorporation ultimately placed the zone boundary of the Farewell and 135 ensured the connectivity of the faults and their seals for the reservoir [21] .
136
During the next phase, structural gridding was performed using stair-stepping of the fault 137 frameworks within the model and then subsequent pillar gridding along the Fault Framework
138
Model (FFM). It was observed that according to the structural model, the regional dip of the 
143
Workflow
144
Object-Based Facies Modeling (OBFM) allowed us to populate discrete logical facies model with 145 specific objects (geobodies such as paleo-channels etc.) which were generated and distributed 146 stochastically [22] [23] [24] [25] [26] . This study was completely based on geometrical inputs that control particular 147 body shapes (thickness/width etc.). It was important to note that OBFM built for the study was constrained by the well log which honours the well log as well as insertion of the facies as "bodies" 149 within the model. We also used proper erosional/replacement rules for different "geobodies" based 150 on their spatial distribution in space. Vertical and areal trends were used for defining the spatial 151 distribution [22, 27-31].
152
Facies modeling workflow for the Farewell Formation followed three robust steps based on the 153 above mentioned strategies. During the initial stage, (1) depositional-bodies were generated using 154 stochastic algorithm. (2) defining the boundaries of the interpreted geobodies, (3) finally the internal 155 geometry and heterogeneity of the facies were developed to generate the final OBFM of the
156
Farewell Formation (Fig.6 ).
157
In this study, we used 3D objects like paleo-channels and simulated the channels with levees in 158 the model. For defining the shape of the objects, 3D-pipe and ellipsoid shapes were selected to create 
Results
165
Three (3) depositional facies were identified and interpreted within the Farewell Formation. It is 166 to be noted that, there were no physical samples or core cuttings available for this study, therefore 167 the conventional approaches of core-litholog-texture analysis were not followed for this study.
168
Therefore, well log response along with object-based simulation were utilized to interpret all the 169 possible lithologies and subsequent geobodies.
171
Meandering Channel Sand Association (Single-Stacked Association)
172
This facies association was made up of several, 15 to 20 m thick sandstone bodies, that showed 173 sheet geometry in cross-section (width/thickness ratio>30). The basal bounding surfaces of 174 sandstone bodies were flat to concave-up as seen in the well log response of the Maui wells (Fig.7) .
175
These basal lags were overlain by different facies, making up distinct facies successions that could be 176 arranged into two main types. The first type was comprised of fine-to medium-grained sandstones, 
216
However, it is worth discussing the meaning of the word "channel" within the context of 217 braided rivers for this study. At low discharge, braided rivers form a network of interconnected 218 channels separated by sandy or gravelly bars [44] . To avoid confusion, most authors adopted the 219 term channel-belt to designate the entire river, which was internally subdivided into bars and enclosing channels [44, 49-51], therefore we also used channel-belt for defining the entire braided 221 system. Herein, sandstone bodies bounded by erosional 5th order bounding surfaces 
233
Floodplain Facies Association
234
This facies association consisted of 2 to 6 m thick, fine-to medium-grained, well-sorted
235
(according to GR response) sandstone units, which was possibly massive in nature. Some sandstone 
257
Sequence Stratigraphic Framework of the Farewell Formation
258
One of the main stratigraphic concerns of the last decades entailed the identification and 
264
The identification of systems tracts within fluvial systems was based on several criteria, 265 including geometry and stacking pattern of fluvial channels, channel to overbank deposit ratios.
266
Often, intervals of multi-storey and multi-lateral, amalgamated, sheet sandstone bodies, with rare 267 over-bank deposits were interpreted to record low rates of accommodation space creation [43, 58, 60, 
278
The studied interval of the Farewell Formation was herein analyzed using a sequence 279 stratigraphic approach to define depositional sequences, which were defined as "stratigraphic units 
284
Sequence I was recognized in all studied wells and its minimum thickness ranges from 30-60 m.
285
The lower boundary could not be precisely delineated as it interfingers with the underlying North
286
Cape Formation. Its upper boundary consisted of a regional-scale erosional surface. Major facies 287 associations of the Sequence I was Ephemeral Fluvial Channels mainly meandering deposits. 
338
3D-Modeling Approach
339
The Facies Composite algorithm in Petrel was adopted to construct facies model of the Farewell
340
Formation, which is an object-based facies modeling technique that can be used for a wide range of 
359
Modeling Grids and Constraints
360
For the 3D lithology models, seismic-derived structure maps were used to define the base and 361 the top of the stratigraphic interval of the formation. The top of the model was then assigned within 362 the layering algorithm denoting arbitrary layer number 110, and the base of the model being 120,
363
which was around 100m in thickness on an average along the studied wells (Fig.12) . Between the 
368
A vertical proportion curve (VPC) (Fig.13) 
381
From the VPC, it was evident that 6 different geobodies were three-dimensionally distributed (Fig.13b) . For crevasse 388 splay sands, probability of occurrence was very low; around 10% for all the interpreted layers of the
389
Farewell Formation (Fig.13c) . Figure 13d represented VPC for levee sands. Probability of occurrence
390
for levee sands within the model was very low in the deeper layers (2-8%) compared to that of the 391 shallower layers (5-9%). Mouth bar sands had a distribution of lower VPC all along the modeled 392 layers (Fig.13e ). Braided channel sands had higher probability of occurrence in the shallow layers,
393
compared to the meadering ones.
394
To create the 3D model grid based on the VPC, facies thickness maps were generated for each of 395 the reservoir zones. The isopach maps were added to a single reference surface in the model to create 396 the additional structure maps (reservoir model surfaces) needed to define the 3D model grid or 397 framework. This process ensured all structure maps to be consistent with the structural trends.
398
A detailed 3D facies model of 300,000 geo-gridded cells was created for 3D facies modeling.
399
Fine-scale layers were distributed proportionally between the key stratigraphic surfaces. Each fine
400
layer was approximately 10m thick to capture the stratigraphic detail of both meandering and 401 braided deposits. Lateral cell dimensions of 50m X 50m were used to capture the details of the lateral 402 distribution of the fluvial deposits and in order to have several cells between wells.
403
To honour the lithologic variability in wells, lithology logs were created for each well and 
411
During the modeling process, the scaled sand-shale ratio volume was used as a conditioning
412
parameter to control the spatial distribution of sandstone bodies or sandstone lithology within the
413
3D models. The calculations were performed using the Data Analysis plug-in of Petrel (Fig.14) . As a 
429
around 12-15000 m perpendicular to paleoflow in the minor direction and vertically around 100 m
430
on an average within the studied wells (Fig.15) . The few zones with longer vertical correlation rather than individual mouth bars. It was important to note that the correlation lengths do not 433 directly provide information on the dimensions, geometry and sinuosity of the fluvial deposits.
434
We used sequential-indicator simulation and conditioned it to fit with the object based geobody 
451
Object geometry
452
The geometrical properties for each selected facies association in all zones were set by defining 453 different and reasonable geometries (Fig.15a-f ). Distributary channel, the main H/C bearing facies,
454
was defined as a backbone which was a variant of the axial shape where the object was deformed 455 locally to follow a direction parameter. Its thickness and width remained constant along axis and the 456 cross sectional formed as U shapes (Fig.15f) . The overbank was also defined as an axial shape with 457 constant thickness and slight width variation. The mouth bar (Fig.15b ) was defined as an axial lobe 458 body whose width increased then decreased along axis with a lentoid cross sectional form. It was 459 worth noting that these definitions do not determine the size or orientation of the bodies, they only 460 specify a prototype shape for the object and this shape was then rescaled and orientated using the 461 size and orientation attribute values.
462
Evidence of possible multi-storey stacking within the sand-body profile was usually in the form 463 of a minor gamma peaks that might result from thin units of fine-grained sediment or, more likely,
464
horizons of intra-formational mud clasts resting on erosion surfaces at the bases of stacked storeys.
465
Such sandbodies range in thickness from around 10 m up to over 20 m (Fig.15a/f) . In the object-based 466 facies modeling, it was necessary to define facies body log to split a multi-storey channel interval 
477
For this study, the modeled elements were crescent-shaped objects that represent the main 
490
To simplify the modeling process, separate stochastic object-based models were generated for sand-prone fill and the main drainage system in the study area, the spatial distribution and temporal 527 evolution of incised valleys were investigated in great detail.
529
3.9.1.1. Spatial distribution of incised valleys 530 Figure 16 explained the spatial distribution of incised valleys using coherence attribute.
531
Coherence attribute was used in the study because of its effectiveness in identifying edge detection 
536
Moving the Z slices on the seismic sections from figure 16a to 16b, the numbers of incised 537 valleys changes and their width-to-thickness ratio was evident from upstream to downstream region 538 of the stratal slice (Fig.16) . In figure 16a , at least 9 prominent incised valley fills were interpreted on 
554
The belt-shaped high amplitudes reflected the difference of incised valley fills in the stratal 555 slices, indicating the differences in width, sinuosity, continuity, and extended length (Fig.17) , 
Conclusions
565
The following conclusions can be made from this study:-566 1) We identified three major depositional facies distributed over the paleo-environmental setup 567 of the Farewell Formation. It was also observed that the current workflow of facies occurrence and 568 probability according to the geological knowledge-base and grid sequencing showed considerable 569 improvements within the modeled region of the Maui Gas Field.
570
(2) The Farewell reservoir was interpreted to be of fluvial paleo-environment in origin.
571
Interpretations lead us to believe that about 45% of the depositional facies are of channel sandstone 572 origin and the rest 55% are floodplain/overbank shales.
573
(3) The Farewell model was sequence stratigraphically interpreted to be of Type-I origin having
574
Lowstand Systems Tract (LST) of fluvial origin.
575
(4) It was also observed that the lower portion of the geobody facies model (layer 115-120) was There were combined channel-forms, branching out from main channel corresponding to high 585 amplitude anomalies predicted to be higher quality reservoir sands. 
